Introduction {#s0001}
============

End-stage renal disease (ESRD) is an increasing healthcare concern across the world with a high mortality rate and associated economic implications, particularly in Southern Africa, where it affects a younger demographic than in developed countries.^[@CIT0001],[@CIT0002]^ An effective screening programme would assist in early nephrologist or renal centre referral which is shown to have an impact on decreasing the morbidity and mortality of these patients.^[@CIT0003],[@CIT0004]^

In state healthcare, 44.1% of the dialysis population is managed with haemodialysis and at our institution a large portion of the dialysis population undergo tunnelled haemodialysis catheter insertion either for temporary vascular access (whilst grafts or fistulae mature or the peritoneum recovers) or when other vascular access routes are exhausted.^[@CIT0005]^ Tunnelled haemodialysis catheters (TDC) do offer some advantages, including immediate dialysis and no repeated venepuncture. However, they are associated with an increased risk of complications and significant mortality when compared with other types of vascular access, with a 1-year survival of patients on TDC of 75%.^[@CIT0003],[@CIT0006]^

Based on studies in China and Croatia, multiple risk factors have been demonstrated to carry an increased risk of complications.^[@CIT0003],[@CIT0007]^ However, no local study has assessed our complication rate and investigated epidemiological risk factors. Filling this void would assist in the implementation of focused and effective screening programmes.

The goal of this study was multifactorial. We aimed to establish the epidemiological profile of patients at an academic hospital, who received TDCs at the Interventional Radiological Unit over a 60-month period, to establish the complication rate within that population group and to determine if associations between the risk factors, epidemiological data and complications could be established.

Research methods and design {#s0002}
===========================

Study design and setting {#s20003}
------------------------

This was a retrospective, analytic study conducted at an Academic Hospital Interventional Radiology Unit, which serves the population of the Free State province, as well as occasional out of province and private patients.

Study population and sampling strategy {#s20004}
--------------------------------------

The study population consisted of all state patients who received TDCs at an Academic Hospital Interventional Radiology Unit during the period of 01 March 2011 to 29 February 2016. All patients aged 18 years and older, who received their catheter at the interventional suite, were included.

Catheter insertion {#s20005}
------------------

Catheters were inserted by an experienced interventional radiologist in the Interventional Unit via percutaneous access. The procedure was performed under sterile theatre conditions with ultrasound guided venous access. All TDCs inserted in our centre are cuffed. The catheter is tunnelled subcutaneously for approximately 9 cm -- 10 cm from the venous access site. The catheter is then placed under fluoroscopic control with tip positioning in the right atrium. Cutaneous fixation is created with sutures until cuff adhesion -- approximately 8--12 weeks. Initial patency and positioning are confirmed during the procedure. The catheter is then locked with heparin (1000 μ/mL)

The primary goal for access was the internal jugular vein. However, in patients with previous access and complications, other sites were used. Subclavian access was used when no other access site was available.

Secondary intervention {#s20006}
----------------------

In patients where the catheter is unable to maintain adequate extracorporeal blood flow and thrombolytic therapy (alteplase) has been ineffective, brushing is performed in the Interventional Unit under fluoroscopic guidance and sterile conditions to displace and remove the fibrin sheath (a composite of cells and debris that forms a biofilm around catheters that can obstruct the lumen, acting as a valve) or thrombus by using a Terumo guidewire to sound the catheter lumen and rinse the lumen with saline. The catheter is then locked with heparin, 1000 μ/mL. If brushing fails to restore patency, then snaring is employed -- vascular access is gained from another site and mechanical stripping of the catheter tip is performed via a snare.

Data collection {#s20007}
---------------

Patients were identified using the procedural register and further information was gathered from existing electronic medical records. A comprehensive data sheet was completed. Details captured included date of birth, age at catheter insertion and residence. Aetiology was grouped into diabetes, primary glomerular disease (including nephrotic syndrome, acute glomerulonephritis and rapidly progressive glomerulonephritis), hypertensive nephropathy, acute renal failure, obstructive uropathy, renal tubular interstitial diseases (including acute tubular necrosis, tubulointerstitial nephritis, contrast nephropathy, reflux nephropathy and myeloma), Human Immunodeficiency Virus Associated Nephropathy (HIVAN), drug induced nephropathy, polycystic kidney disease and unknown.

For ease of analysis, complications were grouped into procedural complications (air embolism, bleeding and pneumothorax), catheter-related infection and catheter dysfunction (malposition, thrombosis, fibrin sheath, central vein stenosis and loosening or catheter breakage).

Further details recorded included whether the catheters underwent repair or brushing and if they were removed because of complications, fistula maturation or peritoneal dialysis catheter use. In the cases of patient demise, it was noted whether this was a result of catheter-related complications or other causes.

Primary and secondary patency was calculated. Primary patency is regarded as the time duration of catheter patency until the first intervention required to maintain patency whilst secondary patency is regarded as the length of time from insertion until catheter removal because of complication or catheter failure.^[@CIT0008]^

Data analysis {#s20008}
-------------

The primary researcher entered all the data onto an Excel data sheet, which was then submitted for statistical analysis by the Department of Biostatistics at the University. Results were summarised as frequencies and percentages (categorical variables) and means, standard deviations and percentiles (numerical variables). Associations were investigated using appropriate hypothesis testing with *p* \<0.05 considered statistically significant.

Ethical considerations {#s20009}
----------------------

Ethical clearance was obtained from the Health Sciences Research Ethics Committee of University of Free State (HSREC 62/2017) and Free State Department of Health (UFS-HSD2017/0478).

Results {#s0010}
=======

A total of 179 patients received TDCs during the study period and qualified for the study. In the study sample, 105 were male (58.7%) and 64 (35.8%) resided in Mangaung district. The mean age at insertion was 40.4 years with a standard deviation of 12.05. The four leading aetiologies were hypertensive nephropathy, primary glomerular disease, HIVAN and unknown aetiology (see [Table 1](#T0001){ref-type="table"} for more information).

###### 

Aetiology per patients (*n* = 179).

  Aetiology                             *n*   \%
  ------------------------------------- ----- ------
  Diabetes                              7     3.9
  Primary glomerular disease            31    17.3
  Hypertensive nephropathy              78    43.6
  Vasculitis                            5     3.0
  Acute renal failure                   1     0.6
  Obstructive uropathy                  5     3.0
  Renal tubular interstitial diseases   3     1.7
  HIVAN                                 11    6.1
  Drug induced                          5     3.0
  Polycystic kidney disease             8     4.5
  Unknown                               34    19.0
  **Other**                                   
  HELLP                                 1     0.6
  Lupus nephritis                       2     1.1
  Nephrectomy due to malignancy         1     0.6
  Oligomegaphronia                      1     0.6
  Oncocytoma                            1     0.6

HELLP, haemolysis, elevated liver enzymes, low platelet count syndrome.

The patients received 231 catheters. A hundred and fifty-eight patients had catheters inserted for the first time. The majority of patients (141, 77.3%) received one catheter, 25 patients (14.0%) received two, 10 patients (5.6%) received three, 1 patient (0.6%) received four and 1 patient (0.6%) received five catheters during the study period. Of the 231 catheters inserted, 224 (97.0%) had information regarding insertion and 185 (80.1%) had information regarding follow up. The majority of lines were inserted in the right internal jugular vein, with the left internal jugular vein insertion being the second as per [Table 2](#T0002){ref-type="table"}.

###### 

Site of insertion (*n* = 224).

  Site of insertion        *n*   \%
  ------------------------ ----- ------
  Left internal jugular    22    9.8
  Left common femoral      13    5.8
  Left subclavian          2     0.9
  Right internal jugular   165   73.6
  Right femoral            14    6.2
  Right subclavian         8     3.6

Note: Sites of insertion were recorded for 224 of the 231 catheters inserted.

Procedural complications occurred in 3.1% of insertions whilst 20.0% developed catheter-related infections and 29.2% developed complications related to dysfunction (see [Table 3](#T0003){ref-type="table"} for further breakdown).

###### 

Complications and incidence.

  Complications                                *n*[†](#TFN0001){ref-type="table-fn"}   \%
  -------------------------------------------- --------------------------------------- ------
  **Procedural (*N* = 224)**                                                           
  Air embolism                                 1                                       0.4
  Bleeding                                     7                                       3.1
  Pneumothorax                                 0                                       0
  **Catheter dysfunction (*N* = 185)**                                                 
  Thrombosis                                   25                                      13.5
  Fibrin sheath                                20                                      10.8
  Central vein stenosis                        5                                       2.7
  Catheter loosened                            9                                       4.9
  Dysfunction due to malpositioning            4                                       2.2
  **Catheter-related infection (*N* = 185)**                                           
  Catheter-related infection                   37                                      20.0

Note: Procedural complication was recorded during initial catheter insertion and admission and thus has a larger denominator than catheter-related infection and dysfunctional complications which were recorded in patients who returned for follow up. More than one complication could occur per insertion.

, Denominators are procedures.

The mean age at insertion varied between the complication groups: in the catheter-related infection group, the mean age was 37.5 years; in the procedural complication group, mean age was 40.2 years; and in the catheter dysfunction group, mean age was 39.8 years. [Table 4](#T0004){ref-type="table"} summarises the patient characteristics, complications recorded and the associations between them.

###### 

Complications and associations per catheters.

  Characteristic                       Procedural complications[†](#TFN0002){ref-type="table-fn"} and catheters: 7/224   *p*   Catheter-related infection and catheters: 37/185   *p*      Dysfunctional complications and catheters: 54/185   *p*                    
  ------------------------------------ --------------------------------------------------------------------------------- ----- -------------------------------------------------- -------- --------------------------------------------------- ------ -------- ------ ------
  **Gender**                           \-                                                                                \-    0.7                                                \-       \-                                                  0.16   \-       \-     0.35
  Male                                 3/126                                                                             2.4                                                      16/99    16.2                                                \-     26/99    26.3   \-
  Female                               4/98                                                                              4.1                                                      21/86    24.4                                                \-     28/86    32.6   \-
  **Residing**                         \-                                                                                \-    0.69                                               \-       \-                                                  0.65   \-       \-     0.74
  Mangaung                             3/77                                                                              2.7   \-                                                 12/66    18.2                                                \-     18/66    27.3   \-
  Outside district                     4/127                                                                             3.9   \-                                                 25/119   0                                                   \-     36/119   30.3   \-
  **Aetiology**‡                       \-                                                                                \-    \-                                                 \-       \-                                                  \-     \-       \-     \-
  Diabetes                             0/9                                                                               \-    \-                                                 43472    14.3                                                \-     43503    28.6   \-
  Primary glomerular disease           1/39                                                                              2.6   \-                                                 11/33    33.3                                                \-     7/33     21.2   \-
  Hypertensive nephropathy             4/94                                                                              4.3   \-                                                 10/77    12.9                                                \-     21/77    27.3   \-
  Renal tubular interstitial disease   0/6                                                                               \-    \-                                                 2/6      33.3                                                \-     1/6      16.7   \-
  HIVAN                                0/12                                                                              \-    \-                                                 3/9      33.3                                                \-     2/9      22.2   \-
  Polycystic kidney                    0/12                                                                              \-    \-                                                 2/10     20.0                                                \-     7/10     70.0   \-
  **Site of insertion**                \-                                                                                \-    0.38                                               \-       \-                                                  0.01   \-       \-     0.38
  Left femoral                         1/13                                                                              7.7   \-                                                 4/11     36.4                                                \-     5/11     45.5   \-
  Left subclavian                      0/2                                                                               \-    \-                                                 1/2      50.0                                                \-     1/2      50.0   \-
  Left internal jugular                1/22                                                                              4.6   \-                                                 4/22     18.2                                                \-     9/22     40.9   \-
  Right femoral                        1/14                                                                              7.1   \-                                                 7/12     58.3                                                \-     4/12     33.3   \-
  Right internal jugular               4/165                                                                             2.4   \-                                                 20/132   15.2                                                \-     34/132   25.8   \-
  Right subclavian                     0/8                                                                               \-    \-                                                 1/6      16.7                                                \-     1/6      16.7   \-

, Procedural complications were recorded during initial catheter insertion and admission and thus consist of a larger pool than catheter-related infection and dysfunctional complications which were recorded in patients who returned for follow up; ‡, Only aetiologies with five patients or more were included in this table.

Out of the 231 catheters, 45 catheters (19.5%) had incomplete follow up. Of the catheters with adequate follow up, 4.3% went on to receive catheter repair, 17.7% required a single brushing, 5.4% received two brushings and 3.2% received three brushings, with a primary patency rate of 98 days. Complications resulted in 27.9% of the catheters being removed whilst 32.3% were removed because of fistulas and 18.8% because of peritoneal dialysis being initiated or resumed. No patients demised because of catheter-related complications, whilst 10.2% of the patients demised because of other causes. Secondary patency rate was 87.0% at 6 months and 76.1% at 12 months.

Discussion {#s0011}
==========

The high financial burden of ESRD has a considerable impact on the limited resources of the South African health system. Therefore, it would be of benefit if there was earlier diagnosis and efficient management of renal disease, preventing or delaying the progression to ESRD. The Academic Hospital Interventional Radiology Unit assists with TDC insertion for a large percentage of the Free State dialysis population as it can be demonstrated by considering that in 2016 the Free State had 235 patients on dialysis; our study population over the five year period numbered 179 patients.^[@CIT0005]^ Despite the increased risk of infection and mortality compared with fistulae or grafts, TDCs remain an important part of dialysis patient care.^[@CIT0009],[@CIT0010],[@CIT0011]^

The epidemiological analysis of the study population revealed that the patient's age (mean of 40.4 years) was in keeping with a local South African study on ESRD, but younger than studies from other African countries and developed countries where renal failure is predominantly a diagnosis of the middle aged and the elderly.^[@CIT0001],[@CIT0002]^ Male patients formed 58.7% of the sample; this corresponds to previously reported rates in Africa of 61% -- 63% male gender in renal failure patients.^[@CIT0001]^ The female proportion of the study population experienced the majority of the complications, however, the gender discrepancy was not found to be statistically significant, which is also in keeping with an international study which indicated that patient gender did not impact catheter survival.^[@CIT0012]^

A significant percentage (64.2%) of the study population resided outside the Mangaung district with implications in terms of ease of access to specialised medical services and further management of the TDC and the patient. The patients outside the Mangaung district experienced the majority of the complications (57% -- 68%) across all three complication groups although the discrepancies were not statistically significant.

End-stage renal disease aetiology was similar to other studies in Africa with hypertension being the most commonly recorded cause in 43.6% of patients versus 34.6% (Sudan) and 30.9% (Cameroon). Further common causes in our study included primary glomerular disease and HIVAN. In Cameroon, other aetiologies included glomerulonephritis (15.8%), diabetes (15.9%), HIVAN (6.6%) and unknown (14.7%).^[@CIT0013]^ In a Sudanese study the causes included chronic glomerulonephritis (17.6%), diabetes (12.8%) obstructive uropathy (9.6%) and in 10.7% no cause was identified.^[@CIT0001]^

Hypertension as an aetiology constituted a larger percentage of this study population than international studies although it is difficult to determine whether this was primary hypertension or secondary to chronic kidney disease. Additionally, this study had a high percentage of patients with an unknown cause. These findings could be a reflection on the lack of efficient primary healthcare with many patients presenting late in the course of the disease and not receiving renal biopsies.

The majority of catheters were inserted in the right jugular vein, with no statistically significant discrepancy between site of insertion and procedural or dysfunctional complication rate, however, there was a statistically significant correlation between catheter-related infection and insertion of the catheter in either femoral site. In a study by Dewelter et al, it was demonstrated that right jugular insertion confers a significantly improved outcome as compared with other sites of insertion.^[@CIT0014]^

This study, as compared with a study in Pakistan, had a decreased incidence of procedure-related complications (3.2% vs. 5.6%) but an increased rate of catheter-related infection (20% vs. 17.3%) as well as dysfunction-related complications (29.2% vs. 16%).^[@CIT0015]^ The increased incidence of catheter-related infection and complications causing dysfunction reflect perhaps the difficulty for our patients in accessing specialist care after the procedure, particularly if they reside in another district. In light of the above, it might be of value to consider a chronic low dose of aspirin to maintain tunnelled central venous catheter (CVC) patency.^[@CIT0016]^

Catheter-related infections remain a significant problem within the dialysis population with implications for cost of care and patient quality of life, as patients with catheter-related infections have an average hospital stay of 6.5 days, undergo several tests and receive treatment during the hospital stay.^[@CIT0017]^ Considering the incidence of catheter-related infections, future studies could analyse the benefit of antimicrobial barrier caps in reducing this rate, as per the Kidney Disease Outcomes quality Initiative (KDOQI) guidelines from the National Kidney Foundation.^[@CIT0016]^

The secondary patency rate is better than a study in India at 6 months (87.0% compared with 55%) and the 12-month catheter survival rate falls within the wide range found in a previous review article of 2007 (between 25% -- 75%).^[@CIT0008],[@CIT0018]^ A high percentage of the catheters were removed because of initiating or resuming peritoneal dialysis or use of fistulae. This is perhaps because of the increased number of patients in state healthcare who are on peritoneal dialysis compared with private healthcare (27.8% vs. 6%).^[@CIT0005]^ There were no deaths in our study because of catheter-related complications.

The aetiology in the study population, on average, did not have a statistically significant impact on the complication rate although other studies have shown that diabetes conveys increased risk and that age can have an influence additionally.^[@CIT0007]^ Polycystic kidney disease was shown to have an increased risk of catheter-dysfunction-related complications. The reason for this is unknown and merits further investigation.

Although our study was unable to establish a statistically significant association between demographics, aetiology and complications in the majority of cases, we were, however, able to demonstrate an association between femoral site catheter insertion and the risk of catheter-related infection; and between patients with polycystic kidney disease and an increased risk of catheter dysfunction. Studies have shown that associations exist between several patient characteristics (male gender, increased age, diabetic nephropathy, hypertensive nephropathy and glomerulonephritis) and their risk of complications.^[@CIT0003],[@CIT0007]^

Study limitations {#s0012}
=================

Many patients who had their catheter inserted and were then managed further in other centres were lost to follow up, resulting in incomplete information, particularly with regards to catheter-related infection and dysfunctional catheter complications. A further challenge was the relative paucity of renal biopsies to confirm the ESRD aetiology.

Conclusion {#s0013}
==========

Our demographics, aetiology of ESRD and complication profile largely correspond to other studies except for an increased complication incidence in females, an increased percentage of hypertension as the cause for ESRD and an increased percentage of catheter dysfunction complications. These findings are perhaps a reflection on the challenges our primary healthcare system faces and the difficulty for these patients to access specialist care in the periphery. Because of the limited number of patients and complications, this study was unable to establish statistically significant correlations between complications and epidemiological factors in many of the measured characteristics.

In our setting, given pre-existing research that has demonstrated a decreased risk of complications with early referral to specialist care and dialysis initiation with other vascular access options (besides TDC),^[@CIT0004]^ it would be optimal to create a screening programme for high risk patients (HT, DM).^[@CIT0002]^ If a South African multicentre study with a larger study population was able to confirm local risk factors for complications, then appropriate care centres could implement protocols for increased vigilance and screening for complications in the vulnerable population groups. This could also lead to and assist with the formation of local guidelines for the management of dialysis such as the KODQI 2018 guidelines.^[@CIT0016]^ Together, these could assist in early identification of patients at risk of developing ESRD and lead to earlier referral to specialist care which has been shown to have a positive effect on patient outcome.^[@CIT0004],[@CIT0018],[@CIT0019],[@CIT0020]^
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